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Human papillomavirus type 16 (HPV 16) plays a cardinal role in the pathogenesis of cervical cancer. HPV
16 has intratypic variants which show different geographical distributions and different oncogenic potentials.
To analyze the presence of sequence variations of HPV 16 variants in northeast China, 71 cervical carcinomas
were identified by HPV typing. HPV 16-positive specimens were analyzed by PCR-directed sequencing in the
E6, E7, and L1 genes and the LCR (long control region). The variation data were compared with those of
neighboring districts. In this hospital-based study, HPV 16 was the most common type (73.24%). In HPV
16-positive specimens, 67.31% belonged to the European (E) lineage, while 32.69% were Asian (As) variants.
The Asian-American (AA), African-1 (Af-1), African-2 (Af-2), and northern American (NA) lineages were not
detected. The most frequently observed variation sites were T178G (32.69%) in E6; A647G (34.62%), G666A
(38.46%), and T846C (32.69%) in E7; C6826T (36.17%) and G7060A (61.70%) in L1; and G7521A (98.08%) in
the LCR. The most prevalent amino acid variations were D25E in E6 and N29S in E7. In addition, 28 novel
variations of HPV 16 were reported. Some covariations between different genes were obtained. In this study,
HPYV 16 variants belonged to the European lineage and the Asian lineage. Compared with neighboring districts,
the distribution of HPV 16 variants in northeast China had a typical pattern. As the first report on HPV 16
variants in northeast China, it should be helpful for designing a HPV vaccine and HPV vaccination program

in China.

Human papillomavirus type 16 (HPV 16) is the primary
etiology of cervical cancer, which is the second most common
type of cancer in women worldwide (29). HPV 16 variants,
which vary by =2% from HPV 16 prototype nucleotide se-
quences, have been identified as the following six phylogenetic
branches: European (E), Asian (As), Asian-American (AA),
African-1 (Af-1), African-2 (Af-2), and northern American
(NA) variants (18, 52). Several researchers had reported cor-
relations between specific HPV 16 variants and persistent viral
infection, followed by the development of malignant lesions (3,
4,16, 37, 43, 49, 50). Non-European variants were found to be
associated with an excess risk of cervical cancer (37). These
variants had been found to show different geographic distribu-
tions, while some sequence variations had oncogenic poten-
tials. In HPV 16 variants, the L83V mutation in E6 in the
Swedish and Italian populations and D25E in E6 in the Japa-
nese population were reported to be associated with the pro-
gression of cervical carcinoma (27, 53, 54). The HPV 16 Asian
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variant was the major causative agent associated with cervical
cancer in Japan and northeast Thailand (10).

China has one of the highest incidence rates of cervical
cancer, and approximately 13,2300 new cases are reported
every year (33). Recent data showed that the mortality of
cervical cancer was 2.55/100,000 people in the China mainland.
The highest mortality existed in northwest China (10.69/
100,000 people in Xinjiang and 9.36/100,000 in Gansu) and
central China (4.98/100,000 people in Hunan and 4.90/100,000
in Jiangxi). In southwest China, the mortality of cervical cancer
was 1.53/100,000 people in Sichuan. In northeast China, the
mortality of cervical cancer was 2.12/100,000 people in Hei-
longjiang, 1.97/100,000 in Jilin, and 1.35/100,000 in Liaoning
(57).

As the most prevalent genotype, the prevalences of HPV 16
among different geographical regions in China were similar (7,
42, 45, 56). However, the distribution of HPV 16 variants in
China was studied less. The Asian lineage was reported in
southwest China (31.0% in Sichuan) and southern China
(50.6% in Hong Kong). The European prototype was reported
in southwest China (23.0% in Sichuan), central China (15.52%
in Hubei), and southern China (30.0% in Hong Kong) (5, 6,
35). No data on HPV 16 variants and sequence variations were
reported in northern China and northeast China.

To characterize the prevalence of HPV 16 variants and nu-
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cleotide polymorphisms in northeast China, we have investi-
gated the HPV 16 E6, E7, and L1 genes and the long control
region (LCR) in cervical carcinomas. The results were com-
pared with data reported from other neighboring areas.

MATERIALS AND METHODS

Preparation of clinical specimens. Recruitment of study subjects was con-
ducted from June 2005 through December 2008. The subjects were women with
newly diagnosed invasive cervical carcinoma (ICC) that was histological con-
firmed at Tumor Hospital of Harbin Medical University in Heilongjiang prov-
ince. The inpatients came from Heilongjiang, Jilin, and the north Inner Mongolia
region, which lies in the north district of northeast China. For our database, 71
patients were identified as having squamous carcinomas, except sample 13 (ad-
enocarcinoma) and sample 53 (adenosquamous carcinoma). Cervical samples
were obtained from women undergoing surgery. Following the cervical punch
biopsy, the biopsy tissue was sent for histological processing and examined by two
independent pathologists. Multiple aliquots were cut and stored at —70°C. The
study protocol was approved by the institutional ethical committee. Written
informed consent was obtained from each study subject.

The quality of extracted DNA was checked by PCR amplification of the
B-globin gene (forward primer, 5'-CAACTTCATCCACGTTCACC-3’, and re-
verse primer, 5'-GAAGAGCCAAGGACAGGTAC-3"). Amplification without
a DNA template was used to monitor contamination in both HPV and B-globin
reactions. PCRs were performed on a DNA Engine Peltier thermal cycler (Bio-
Rad). A 268-bp amplicon was determined with 2% agarose electrophoresis (26).

Detection and typing of HPV. DNA was extracted by a standard proteinase K
digestion and phenol-chloroform extraction method (40). The DNA samples
were determined by spectrophotometric quantitation and 0.7% agarose electro-
phoresis. All specimens were first subjected to PCR amplification with HPV
consensus primers GP5+ (5-TTTGTTACTGTGGTAGATACYAC-3') and
GP6+ (5'-GAAAAATAAACTGTAAATCATATTC-3'). HPV 16- and 18-pos-
itive  DNA was identified by specific primers (5'-AAGGG[C/A]JGTAAC
CGAAA[T/A]CGG-3', 5'-CATATACCTCACGTCGCAG-3', and 5'-TTCTGC
TGGATTCAACGGT-3"). HPV 16 was amplified as a 206-bp fragment, while
HPV 18 was identified as a 418-bp fragment. The primers were synthesized by
Takara Bioengineering Co. Ltd. in Dalian. After thermal cycling, the amplified
DNA fragments were identified by 1.5% agarose electrophoresis.

Sequence analysis of the E6, E7, and L1 genes and the LCR of HPV 16 by
PCR-directed sequencing. HPV 16 L1-E7 fragments and LCR-E7 fragments
were amplified by high-fidelity PCR and sequenced. The L1-E7 fragment, with
an amplicon size of 3.34 kb, was amplified with primers 5'-TAATATAACTGA
CCAAGCTCCTTCATTAATTC-3" and 5'-TACATAAAACCATCCATTACA
TCCCGTACC-3', which flank the regions of the L1, E6, and E7 genes and the
LCR region (nucleotides [nt] 5502 to 921). The LCR-E7 fragment (nt 7432 to
921) was amplified, with an amplicon size of 1.4 kb, with primers 5'-CTATAT
TTTGTAGCGCCAG-3' and 5'-CATCCATTACATCCCGTAC-3'. For HPV
16 L1-E7, PCR was performed in a 50-ul volume containing 1X PCR buffer, 2.5
mM MgCl,, 200 pM each deoxynucleoside triphosphate (ANTP), 0.2 uM sense
and antisense primers, 20 ng genomic DNA, and 1.25 U PrimeStar HS DNA
polymerase (Takara) with a 35-cycle protocol, as follows: 1 min of denaturation
at 94°C, 0.5 min of annealing at 60°C, and 5 min of extension at 68°C, with 5 min
of initial denaturation at 94°C and 10 min of final elongation at 68°C. The
amplified DNA fragments were sent to Takara Bioengineering Co. Ltd. in Dalian
for sequencing after a 2% agarose electrophoresis assay. L1-E7 and LCR-E7
primers were also available for direct sequencing. Sequencing analysis was com-
pleted by primer walking. To avoid nucleotide variations resulting from DNA
polymerase error, the sequences were confirmed twice by repeat PCR amplifi-
cation (34). Changes were accepted only when they were reproducible with a
second PCR. HPV 16 sequences and base positions were numbered according to
the HPV 16 reference (HPV 16R) sequence (30). The sequences were analyzed
and determined by DNAMAN version 5.2.2.

Variant identification. HPV 16 variants were classified into phylogenetic
classes and subclasses on the basis of their sequence variation at the E6 open
reading frame (ORF), which is the most informative for this purpose. The E6
sequences were then compared with the reference sequences using the HPV 16R
and used to classify HPV 16 variant classes. The European (E) lineage has
approximately complete homology with the HPV 16R, but with no signature
patterns of other classes identified. Changes in the following lineages were noted:
Asian (As), T178G; Af-1, G132C, C143G, G145T, T286A, A289G, and C335T;
Af-2, T109C, G132T, C143G, G145T, T286A, A289G, C335T, and A403G;
NA-1, G145T, T286A, A289G, C335T, and T350G; and AA, G145T, T286A,
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TABLE 1. Cases exhibiting the HPV 16 prototype or variant in E6,
E7, the LCR, and L1

No. (%) of cases
Gene/region

Prototype Variant
E6 19 (36.54) 33 (63.46)
E7 8 (15.38) 44 (84.62)
LCR* 0 (0.00) 52 (100.00)
L1° 2 (4.26) 45 (95.74)

“ Variant analysis for the partial LCR sequence was done in samples 48, 49, 50,
51, and 52 (Fig. 2).
? Variant analysis for L1 was done using only 47 cases.

A289G, C335T, T350G, and A532G (18, 46, 51, 52). Sequence variations in E6,
E7, L1, and LCR in this study were compared with other data reported from
neighboring geographical districts, which originated from cervical carcinomas in
hospital-based studies.

Statistical analysis. Statistical analysis was performed using the chi-square
(x?) test to determine the differences between northeast China and other geo-
graphical regions regarding HPV 16 variants and the European lineage distri-
bution of cancer patients. P values of less than 0.05 were considered statistically
significant.

RESULTS

HPYV typing. All 71 cervical carcinomas were B-globin gene
positive, indicating the presence of adequate cells in DNA
samples. The HPV infection rate of cervical carcinomas was
98.59% (70 of 71). HPV 16 was the most common type
(73.24%, 52 of 71), followed by HPV 18 (11.27%, 8 of 71).

HPV 16 variant identification. In HPV 16-positive speci-
mens, 67.31% (35 of 52) belonged to the European lineage,
while 32.69% (17 of 52) belonged to the Asian lineage. The
AA, Af-1, Af-2, and NA lineages were not detected. The HPV
16 European lineage contained the European prototype
(54.29%, 19 of 35) and European variants (45.71%, 16 of 35)
(see Table 3).

E6 gene sequence variations. In HPV 16-positive samples,
the nucleotide variation rate of HPV 16 E6 was 63.46% (33 of
52) (Table 1), whereas the amino acid variation rate was
57.69% (30 of 52). Nucleotide variation positions of E6 in-
cluded three silent mutations (G94A, A131C, and T241G)
and six missense mutation positions (G176A, T178G/T178A,
A276G, T341G, T350G, and A442C), which led to amino
acid variations (D25N, D25E, NS58S, C80G, L83V, and
E113D). The most frequent sequence variation site was nt
178 (42.31%, 22 of 52), which contained T178G (17 of 52)
and T178A (5 of 52) (Fig. 1a). Other common mutations
were G94A (11.54%, 6 of 52) and T350G (5.77%, 3 of 52).
The rank orders of incidence of the HPV 16 prototype and
E6 variants were as follows: D25E (42.31%), the prototype
(36.54%), L83V (5.77%), D25N (5.77%), and NS58S
(3.85%). Only one novel mutation (T341G) in E6 was found
for the first time, which resulted in amino acid substitution
C80G (Table 2).

E7 gene sequence variations. Forty-four (84.62%) patients
showed six mutation sites for the E7 gene, of which two, A645C
and A647G, were missense mutations: asparagine—serine
(N29S) and leucine—phenylalanine (L28F). The remaining
four, G666A (Fig. 1b), T760C, T843C, and T846C, led to silent
mutations. The amino acid variation rate was 36.54% (19 in
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FIG. 1. A sequencing electropherogram showed frequently detected nucleotide variations in different genomic segments of HPV 16. (a) E6 T178A;
(b) E7 G666A; (c) L1 G7060A; (d) LCR G7521A. (Top) Prototype sequences indicated by arrows; (bottom) variant sequences indicated by arrows.

52). The most frequently observed mutations were G666A
(38.46%, 20 of 52), A647G (34.62%, 18 of 52), and T846C
(32.69%, 17 of 52), while the most frequent amino acid muta-
tion was N29S (34.62%).

L1 gene sequence variations. The HPV 16 L1 genes (nt 5559
to 7154) from 47 HPV 16-positive cervical cancers patients
were determined. Of all 19 nucleotide variation positions,

six were missense mutations (AS883C, G6085A, A6164G,

TABLE 2. Novel variants of HPV 16 E6 and L1 and the LCR according to nucleotide position, variant, altered amino acid, and mutation

G . Nt Nt Amino acid Codon Type of No. of
ene/region L . .
position Prototype Variant Original Altered no. mutation mutations
E6 341 T G Cysteine Glycine 80 M, Tv 1
L1 5569 G A Valine Valine 3 S, Ts 1
5596 A T Threonine Threonine 12 S, Tv 1
5836 A G Serine Serine 92 S, Ts 1
5883 A C Lysine Threonine 108 M, Tv 1
5902 C A Threonine Threonine 114 S, Tv 1
6085 G A Methionine Isoleucine 175 M, Ts 1
6164 A G Threonine Alanine 202 M, Ts 1
6166 C A Threonine Threonine 202 S, Tv 1
6427 G A Arginine Arginine 289 S, Ts 1
6505 A G Serine Serine 315 S, Ts 2
6658 A T Threonine Threonine 366 S, Tv 3
6667 A T Serine Serine 369 S, Tv 9
6938 C G Proline Alanine 460 M, Tv 1
7142 A C Lysine Glutamine 528 M, Tv 1
LCR 7168 A G Ts 17
7174 A C Tv 9
7233 A G Ts 1
7419 A G Ts 2
7429 G A Ts 1
7660 A G Ts 2
7667 A C Tv 1
7700 T G Tv 1
7781 T A Tv 1
7855 G A Ts 1
7859 A C Tv 1
16 G A Ts 1
48 G A Ts 2

“M, missense; S, silence; Ts, transition; Tv, transversion.
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FIG. 2. Nucleotide sequence variations among the HPV 16 isolates. The E6, E7, L1, and LCR variants were identified in 52 samples from
northeast China. The nucleotide positions of detected mutations are written vertically across the top and are indicated by the corresponding
nucleotide letter. The absence of variations relative to the prototype is represented by dashes. The identification codes of the samples are indicated
on the left. 16R, HPV 16 reference; Ep, European prototype; As, Asian.

A6180C, C6938G, and A7142C) which led to K108T, M175I,
T202A, N207T, P460A, and K528Q, respectively. The remain-
ing 13 were silent mutations. There were three common nu-
cleotide variations at nt 6667, nt 6826, and nt 7060, which were
silent variations (Fig. 1c). The most frequent amino acid mu-
tation was N207T (6.38%, 3 out of 47). In 47 HPV 16-positive
cervical carcinomas, the nucleotide variation rate in the HPV
16 L1 region was 95.74% (45 of 47), whereas the amino acid
variation rate was 14.89% (7 of 47). There were 14 novel
nucleotide mutations in the L1 gene (Table 2).

LCR sequence variations. Forty-seven whole LCR frag-
ments and five partial LCR fragments were sequenced. A total
of 32 nucleotide variation positions were detected (Fig. 2). The
most commonly observed LCR variation was the transition
replacement G7521A (98.08%), which is shown in Fig. 1d. We

reported a total of 13 novel nucleotide variation sites in LCR,
which were observed here for the first time (Table 2). The
nucleotide variation rate in the LCR was 100% in 47 HPV
16-positive cervical carcinomas.

Covariations. In the HPV 16 Asian branch, covariations of
T178G, A647G, T846C, A7175C, T7177C, T7201C, C7270T,
AT287C, A7289C, A7730C, G7842A, and C24T were detected,
resulting in covariations of predicted amino acids D25E and
N29S (32.69%, 17/52) (Fig. 2). Covariations of G666A (E7),
C6826T (L1), and A7168G (LCR) were detected (36.17%, 17
of 47) in the E branch in this study.

Variant comparison with neighboring districts. HPV 16
variant distribution in this study was different from that in
central and southern China, Russia, Indonesia, and north In-
dia, whereas it was not different from that in Sichuan (south-
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TABLE 3. Comparison of HPV 16 variant distributions and sequence variations with neighboring districts and countries

No. (%) of cervical carcinoma cases®

No. of HPV 16 variant E lineage
Variant (sample no.) Reference cases
sequenced E .

E As Af-1 Af-2 AA NA prototype E variant
Northeast China (1) 52 35 (67.31) 17 (32.69) 0 0 19 (54.29) 16 (45.71)
Southwest China—Sichuan (2) 35 113 78 (69.03) 35 (30.97) 0 0 0 0 26 (33.33) 52 (66.67)
Southwest China—Sichuan (3) 41 21 16 (76.19) 5(23.81) 0 0 4 (25.00) 12 (75.00)
Central China—Hubei (4) 5 58 23 (39.66) 35 (60.34) 0 0 9(39.13) 14 (60.87)
Central and southern China— 47 55 19 (34.55) 36 (65.45) 0 0 0 0 5(26.32) 14 (73.68)

Jiangxi, Guangdong (5)

Japan (6) 27 43 24 (55.81) 19 (44.19) 0 0 0 0 5(20.83) 19 (79.17)
Northeast Thailand (7) 10 23 6(26.09) 17 (73.91) 0 0 0 0 1(16.67) 5(83.33)
Russia (8) 19 32 30 (93.75) 0 0 0 0 2(6.25) 5(16.67) 25 (83.33)
Indonesia (9) 11 22 19 (86.36) 2(9.09) 0 1(4.55) 0 0 7 (36.84) 12 (63.16)
North India (10) 32 60 52 (86.67) 0 ( 0 2(3.33) 6 (10.00) 18 (34.62) 34 (65.38)

@ A dash indicates that no data were provided. Chi-square (x?) tests were applied in this study. Regarding HPV 16 variant distribution, the differences had no
significance between samples 1 and 2, 1 and 3, 2 and 3, 1 and (2 + 3), 4 and 5, and 1 and 6 (P value > 0.05), while statistical significance existed between samples 1
and 4/5/7/8/9/10, 1 and (4 + 5), (2 + 3) and 6/7/8/9/10, and (4 + 5) and 6/7/8/9/10 (P value < 0.05). Regarding the distribution of the HPV 16 European prototype and
European variant, statistical significance existed between 1 and 2/3/4/5/6/7/8/9/10.

west China) and Japan. The difference had no significance
among northeast China and Sichuan; however, Japan was dif-
ferent from Sichuan in terms of statistics. No differences ex-
isted between Hubei (central China), Jiangxi, and Guangdong
(central and southern China). Furthermore, the distribution of
the European prototype and European variants in northeast
China was different from that in any other area by statistical
analysis (P < 0.05). The frequencies of mutation for D25E and
N29S in northeast China were higher than those in Sichuan but
lower than those in central and southern China. Other muta-
tion frequencies varied among different districts (Table 3).

DISCUSSION

Located in the center of northeast Asia, northeast China is
close to north China and neighbors Korea, Russia, Mongolia,
and Japan. In history, more communication lies between
China, Mongolia, Korea, Russia, and Japan. Northeast China
has a population of around 110 million people, who immi-
grated mainly from north China (Shandong and Hebei). How-
ever, no HPV 16 variant data from north China were provided,
where most of the population originated. Since HPV 16 vari-
ants are associated with geographic diversity and oncogenic
risk, we analyzed the data with China origin (southwest China,
central China, and southern China) and those from neighbor-
ing countries (Russia and Japan) (52). Hong Kong, Mongolia,
and Korea were excluded from the analysis since no individual
data on cervical carcinoma samples were reported (6, 8, 9).

In this hospital-based study, the samples contained two HPV
16 lineages, the European lineage (67.31%) and the Asian
lineage (32.69%), which suggested that the European and
Asian lineages were the main lineages in northeast China. In
Table 3, the European and Asian lineages in these studies were
circulated, while the AA, Af-1, Af-2, and NA lineages were
reported less often. The European lineage was the main line-
age in Russia, north India, and Indonesia. By statistical anal-
ysis, the variant distribution in northeast China was the same as
those in Sichuan (southwest China) and Japan and different

from those in central and southern China and neighboring
countries, except Japan.

Southwest China (Sichuan) and northeast China were areas
with a moderate mortality of invasive cervical cancer, while
central China (Hubei and Jiangxi) had a high mortality (57).
Northeast China and southwest China have the same HPV 16
variant distribution by statistical analysis, while Hubei, Jiangxi,
and Guangdong have higher Asian variant frequencies. Inter-
estingly, it was reported that HPV 16 Asian variants might be
linked to a high incidence of cervical cancer in China (48). We
wondered if the distribution character of HPV 16 variants,
especially Asian variants, had a relationship with the mortality
of invasive cervical cancer in these geographical areas. But this
consideration needs further investigation by population-based
study in more districts in China.

The European and Asian lineages were the main patterns in
the Chinese population, as shown in Table 3. There were two
specific groups with HPV 16 variant distribution. The first
group contained southwest China (Sichuan) and northeast
China, and the second group contained central China and
southern China (Hubei, Jiangxi, and Guangdong). The differ-
ence had no significance within each group. The two groups
were different from neighboring countries. In this analysis, the
Japan sample was different from that of the first group, al-
though it had no differences with the northeast China sample.
Data from east China (Zhejiang) belonged to the second group
(20). Data from Hong Kong (southern China) also conformed
to the second group, which belonged to a population-based
study (6). However, the distributions of the European proto-
type and European variants in northeast China were specific,
because the data were different from data of any other area by
statistical analysis. Identification of HPV 16 variants may be
helpful to evaluate the potential impact of HPV vaccine and
design diagnostics and therapeutic methods on cervical cancer
(15, 44). Although further confirmation of this study is still
needed, the results may be helpful for the study of the HPV
vaccination program in China.

Covariation of nucleotide sequences among these genes was
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TABLE 3—Continued
No. (%) of cervical carcinoma cases”
Variation site

. T350G ) A276G  C335T  A442C  TIS3G AG47G  CT749T . C6826T .

PZEIN wg3vyin OOAM TISA(Nsgs)  m7sy)  (EIBD)  (127R) (N298)in (S63F)in COPNIM Gilence) A G7IGA D
E6 m in E6 in E6 in E6 in E6 E7 E7 in L1 m

22(4231) 3(577) 6(11.54) 5(9.62) 2(385) 0 1(192) 0 18(34.62) 0 20 (38.46) 17 (36.17) 51(98.08) 16 (30.77)
35(30.97) 35(30.97) 7(6.19) 0 4(354) 14(1239)  7(6.19) 0 — — — — — —
5(2381) 2(9.52) 0 0 0 2(952)  1(476) 0 3(1429) 0 3(14.29) — 6(60.00) 3 (14.29)
36 (62.07) 3 (5.17) — 13172 0 2(345)  5(8.62) 3(5.17) — — — — — —
37(6727) 2(3.64) 0 1(1.82) 0 3(545)  8(1455) 0 33(70.21) 24 (51.06) 2 (4.26) — — —
19 (44.19) 14 (32.56) 0 0 1(233)  3(698) 11(2558) 1(233) — — — — — —
17 (73.9) — 0 0 — — — — — — — — — —
0 27(84.38) 0 0 0 2(625) 0 0 — — — — — —
2(9.09)  1(455) 0 0 9(40.91) 1(455 0 0 5(22.73) 0 16 (72.73)  17(77.27) — —
0 42(70.00) 0 0 0 6(10.00) 0 0 0 0 1(1.67) 0 41(6833) 0

analyzed, since the HPV 16 E6, E7, and L1 genes and the LCR
were sequenced at one DNA molecule by primer walking.
Among the Asian lineage, covariations of predicted amino
acids D25E and N29S might be a typical pattern. Covariations
of G666A (E7) and C6826T (L1), reported as Javanese vari-
ants, were found in 72.73% of Indonesian samples (Fig. 2)
(11). Validation of Javanese variants needed more confirma-
tion, because G176A, T178A, and T241G were detected in this
variant apart from A276G.

Amino acid mutations in HPV 16 variants should be consid-
ered in the vaccine design and evasion of the natural immune
response (12, 17, 47). As the target of humoral and cellular
immune responses, the amino acid changes of HPV 16 E6 may
have effects (2, 13, 39). D25E and L83V are associated with the
elevated risk of cervical carcinomas and vary geographically
due to genetic differences between populations (1, 3, 18, 22, 25,
27, 54, 55). The D25E variant distributes mainly in Asian
populations rather than in Russia (0%) (6, 28, 31, 52). Based
on our results, it was supposed that genetic movement of D25E
mutations might exist in these neighboring areas, for northeast
China lies geographically between high-frequency areas (cen-
tral and southern China and southeast Asia) and low-distribu-
tion areas (Russia and Mongolia). T178A, which led to D25E
amino acid changes, was found in the Chinese and Japanese
populations (5, 6, 47). The L83V distribution was lower in the
Asian population and higher in the American and European
populations. In Table 3, L83V mutations in northeast China
accounted for 5.77%, close to those in central China and
southern China, in contrast to that in southwest China (27.61%
in Sichuan), 32.56% in Japan, and 84.38% in Russia (Moscow)
5, 6, 8,9, 19, 47, 52). G94A was also reported in southwest
China and Mongolia (8, 35). Sequence variation at E7 displays
geographic dependence (14, 36). The E7 N29S replacement
may be associated with a higher oncogenic risk (12, 23, 38). In
this study, N29S accounted for 34.62% of mutations, which
varied from 14.29% (southwest China) to 70.21% (central and
southern China). G666A varied between northeast China,
southwest China, central and southern China, and Indonesia
(11, 41, 47).

Compared with E6 gene variations, the HPV 16 L1 gene
product is more conservative in terms of its amino acid se-
quence. HPV 16 L1 nucleotide variations were found in

95.74% of specimens, while amino acid mutations were located
only in 14.89% of specimens. The amino acid changes of
K108T, M1751, T202A, N207T, P460A, and K528Q were re-
ported previously. The silent variation C6826T has been re-
ported from southeast Asia (52). To our knowledge, 14 novel
mutations in this study were not reported previously.

The LCR is the most variable segment of the HPV 16 ge-
nome in different populations (21, 22, 24, 43, 52). The LCR is
the binding site of various cellular and viral transcription fac-
tors. In this study, the nucleotide variation rate in the LCR was
100%. A total of 5 of 32 mutation positions (15.63%) impacted
cellular transcription factor binding sites: C7310T lies in AP1,
C7395T lies in GRE, T7441G lies in YY11, T7714G lies in
NF1, and G7842A and G7842T lie in Oct-1. Over half of the
isolates (32/52) showed the above-mentioned mutation sites.
The exact oncogenic potentials of these nucleotide mutations
still need further investigation.

In this study, we investigated comprehensively sequence
variations of the HPV 16 E6, E7, and L1 genes and the LCR
based on long fragment sequencing. Five HPV 16-positive
samples which lost the L1 ORF were sequenced on LCR-E7
fragments. Age was not considered in this study, for age was
reported to have no relationship with the distribution of HPV
16 variants among women in the same geographic region (34).
As a hospital-based sample study, our study was still limited by
sample size. The conclusions in this study need further inves-
tigation by a large population-based study.

In the present study, it was demonstrated that HPV 16
variants in northeast China have typical distribution. HPV 16
variants belonged to the European lineage and the Asian lin-
eage. D25E variation in E6 and N29S variation in E7 were the
most prevalent variations. Twenty-eight novel variations of
HPV 16 were reported. This is the first report on HPV 16
variant distribution and sequence variations in northeast
China. Based on this study, we supposed that northeast China
may be an area with moderate HPV 16 Asian variant preva-
lence. Further investigation should be emphasized on Asian
variants in east Asia. We suggested that an HPV-preventive
vaccine should be applied to control the HPV 16 infection in
northeast China. These data laid the foundation for the HPV
vaccination program in northeast China and are important for
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diagnostic technique development and vaccine design for erad-
ication of cervical cancers.
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